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I. INTRODUCTION 
Workers at Iowa State University have conducted extensive research 
on the prevention, treatment and etiology of pasture "bloat in recent 
years. Oral administration of antibiotics for bloat prophylaxis has 
been used with some degree of success. Workers at this institution in­
troduced the concept and practice of feeding antibiotics in combination 
in order to prolong the period of bloat prophylaxis. 
During the course of these studies some animals were observed to 
react adversely to initiation of antibiotic feeding. Characteristically, 
the animals showed appetite depression, diarrhea, general listlessness 
and occasional localized swellings. These reactions appeared to occur 
more frequently in animals receiving a high-grain diet than in those 
receiving a low-grain diet and more frequently in females than in males 
(Van Horn, 1962; Shellenberger, 1964). Other workers (Scarisbrick, 195^ ; 
Krough, 1959, 1961; Ryan, 1964b) have reported severe appetite depression, 
diarrhea and other symptoms in animals following the ingestion of large 
amounts of readily available carbohydrates. Reid e^  (1957) associated 
high levels of ruminai lactic acid with this "indigestion" syndrome. 
Therefore, the present studies were conducted to inquire into the 
nature of the adverse reaction to orally administered antibiotics, 
especially its possible relation to lactic acid in the bovine rumen and, 
to determine the concentration of ruminai lactic acid in animals sub­
jected to various feeding regimes. 
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II. REVIEW OF LITERATURE 
This review will deal with l) some physiological effects of orally 
administered antibiotics and, 2) lactic acid production and metabolism 
in the rumen. Reviews on the former subject can be found in the theses 
of Van Horn (1962) and Shellenberger (196U) while the latter has been 
reviewed in the theses of McGilliard (1961) and Whanger (1965). Conse­
quently, this review will concentrate on key papers from the previous 
reviews as well as papers that have since been published. 
A. Some Physiological Effects of Orally Administered Antibiotics 
Although oral administration of certain antibiotics brings about 
favorable responses, it appears that under certain circumstances this 
can also cause some unfavorable effects. The extent to which these un­
favorable effects occur and the probability of their occurrence have not 
been adequately determined. 
Many workers have fed relatively high levels of antibiotics and have 
observed no outward ill effects. Haq et al. (1952) fed 130 mg. aureo-
mycin or tyrothricin daily to milking cows and noted that all animals 
had good appetites and showed no evidence of diarrhea or other adverse 
effects. Chance e^  si. (1953) fed aureomycin to two fistulated steers 
at the rate of 500 mg. per day for 15 days and then 1000 mg. per day for 
the next 15 days. Neither of the steers showed signs of anorexia or 
diarrhea at any time during aureomycin supplementation. Horn e^  al. 
(1955) fed procaine penicillin at various levels up to 8OO mg. daily to 
steers and observed no outward ill effects. When levels greater than 
400 mg. were fed, however, they did note a change in urine from a clear 
3 
"brownish color to a milky suspension with a yellowish cast. Johns e;b al. 
(1959) fed doses of 100, 200 and 500 mg. of procaine penicillin every 
third day to milking cows and observed no adverse effects on body weight, 
or on yield or composition of milk and butterfat. Van Horn (1962) and 
Shellenberger (196^ ) state that no adverse effects have been observed 
when antibiotics were fed singly at the levels effective in bloat pre­
vention (penicillin 35-75 mg., erythromycin JO mg. , tylosin TO mg., 
chloramphenicol l4o mg., and oxytetracycline 75-1^ 0 mg. per animal per 
day). 
No adverse reactions were observed by Van Horn al. (1963) when 
as much as 2.0 g. of a STEP antibiotic mixture (TO mg. streptomycin, 
TO mg. tylosin, TO mg. erythromycin and Uo mg. penicillin) were fed 
daily to yearling steers receiving primarily green-chopped forage or 
alfalfa hay. In several experiments (Heinemann and Fanelli, 19^ 3; 
Johnson e^  al., 1958; and Smith e^  a^ . , 196^ ), antibiotics were fed at 
levels as high as T5-125 mg. per animal per day and no mention was made 
of any adverse reaction. 
In many other experiments, however, adverse reactions to oral ad­
ministration of antibiotics have been observed. Several early workers, 
using both sheep and cattle, reported loss of appetite and diarrhea or 
both upon the initiation of antibiotic feeding (Colby et al., 1950a; 
Colby e^  al., 1950b; Bell ^  a2., 1951; Neumann e^  al., 1951)• Barrentine 
et al. (1956) observed severe diarrhea when steers received by drench 1.0 
g. of either chlortetracycline, oxytetracycline or procaine penicillin. 
Levels of these antibiotics up to 300 mg. did not produce this effect. 
In studies conducted by Emery e;t ai. (1958) a marked depression of milk 
production often occurred for several days following the inclusion of 
UOO mg. procaine penicillin in the ration. Often, this depression of 
milk production was accompanied by a depression of appetite, discharge 
at the nostrils and hyperemia of the vaginal mucosa. All symptoms dis­
appeared within a few days even though penicillin feeding continued. 
Similar symptoms were observed in one herd of cows receiving only 100 
mg. penicillin per animal per day. Murnane, as quoted by Johns et al. 
(1959)5 observed transient diarrhea during the first few days•of treat­
ment when penicillin was given to lactating cows at the rate of about 
UOO mg. per head daily. Shor (1959) fed chlortetracycline to 
lactating cows at levels of 0, 0.1, 0.5 and 1.0 mg. per pound of body 
weight daily. About one-half of the cows receiving the two highest 
levels of antibiotic exhibited depressed appetite and reduced milk pro­
duction shortly after initiation of the trial. Both appetite and milk 
production returned to normal in a few days. Cannon et al. (1962) fed 
extremely high levels of penicillin (10,000,000 units) to lactating 
dairy cows, which then exhibited severe diarrhea, loss of appetite and 
reduction of milk yield. 
Feedlot steers receiving a bloat-provoking diet refused feed for 
32-U8 hr. after the first exposure to 75 or 15O mg. penicillin per day 
(Bryant et al., 1961). Subsequent treatment (after feed consumption had 
resumed) with 50-200 mg. of penicillin did not result in feed refusals. 
Raun et al. (1963) administered 250 mg. tylosin per day to fatten­
ing steers and, heifers and observed that this level of antibiotic feed­
ing produced a "short-term depression of feed consumption". 
5 
Van Horn ^  al. (1963) fed a combination of streptomycin (TO mg.), 
tylosin (70 mg.), erythromycin (TO mg.) and penicillin (40 mg.) per 
animal daily in wheat middlings-molasses pellets. Transient diarrhea 
and swelling in the region of the vulva occurred occasionally in the 
antibiotic-fed animals. These reactions were almost entirely restricted 
to animals receiving high-grain diets. These workers also fed the anti­
biotics of the STEP mixture singly in daily doses of 250 mg. per animal 
to cattle on a high-grain diet. Transient depression of appetite and 
diarrhea sometimes occurred when penicillin, erythromycin and tylosin 
were fed singly, but there was no evidence of these reactions when 
streptomycin was fed singly. Shellenberger ^  (196^ ) conducted 
studies in which the STEP mixture was administered in the form of a 
"slow-release" bolus. With animals from the Iowa State University herd, 
no adverse reactions were attributable to the antibiotics. However, one 
cooperating farmer noticed transient diarrhea in several animals follow­
ing administration of the boluses. 
B. Lactic Acid Production and Metabolism in the Rumen 
1. Production of lactic acid 
A number of studies indicate that the diet of ruminants has an 
effect on the production of lactic acid in the rumen. Gall ^  (1953) 
found that, in animals fed high-roughage diets, lactic acid was found in 
the rumen only in low concentrations. In contrast, with animals fed a 
high-grain diet, the lactic acid content of the rumen fluid was usually 
high. Phillipson (1952) fed lambs a ration of 150 g. hay and a mixture 
of flaked maize and maize-gluten feed in the proportions of 10:1 to a 
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maximum of 1 kg. daily. They reported that lactic acid appeared in the 
rumen in greater concentration than is usually found, values exceeding 
7 meq./lOO ml. Scarishrick (195^ ) recorded some observations on a sheep 
which showed symptoms of indigestion following the accidental ingestion 
of 15 lb. mangolds (the animal was accustomed to eating 12 lb.). Ruminai 
lactic acid was determined beginning the eighth hour after feeding and it 
was found that the lactic acid level at this time was quite high (about 
90 mmole/l.), but declined during the next three days. The author, how­
ever, was unable to again produce the condition by feeding mangolds to 
sheep. 
Waldo and Schultz (1956) studied the production and disappearance 
of lactic acid in the rumen of dairy steers by determining levels of 
lactate in rumen liquor before and at short intervals after feeding. 
When roughage was the only feed, peak concentrations of lactic acid were: 
22 mg./lOO ml. at 1 hr. after feeding on grass hay; 20 mg./lOO ml. at 1 
hr. after feeding on alfalfa hay; and 1^ 2 mg./lOO ml. at 0.5 hr. after 
feeding on hay crop silage. When grain was added at various levels to 
the grass hay ration the lactate level increased over grass hay alone 
but not consistently in proportion to the level of grain feeding. Grain 
tended to increase lactic acid more than hay alone but highest levels 
were obtained on all-silage diets, presumably more from ingestion than 
from production. 
Lactic acid accumulated in the rumen of sheep only when diets con­
taining high levels of finely divided wheaten starch or molasses were 
fed (Briggs ^  , 195T)- Re id ^  (1957) also fed several diets 
containing large amounts of wheaten starch to sheep and found that lactic 
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acid accumulated in variable amounts in the rumen following feeding. 
However, a diet containing 85 g. of wheaten starch produced high post-
feeding lactate levels on one experiment but did not produce any signi­
ficant accumulation of lactic acid on four subsequent experiments. 
Balch and Rowland (1957) fed a variety of diets to dairy cows and 
found only traces of lactic acid, less than 1 mg./lOO ml. rumen liquor, 
with all diets except those containing large amounts of flaked maize, 
in which case, peak concentrations of from 95-270 mg./lOO ml. were ob­
served at two hr. after feeding and disappeared rapidly beyond this time. 
Moore et al. (1962) fed sheep a ration composed of 9 parts ground shelled 
corn, 3 parts chopped mixed hay and 1 part soybean oil meal at the rate 
of about 2 lb. per day. Small amounts of long hay were also offered. 
Ho substantial amounts of lactic acid were detected in the rumen either 
before or after feeding. 
Jacobson e;fc a2. (1958) transferred a mixed group of heifers and 
steers from a corn silage and grass hay diet to a diet composed of mixed 
grass hay and a bloat-producing concentrate mixture. They found that 
lactic acid was always present in the rumen in significant amounts 
(0.1-0.3 umole/ml.) 4.5 hr. after feeding. 
Further work has been done in which the effect of pasture or green 
fodder feeding on ruminai lactic acid has been observed. Annison e^  
(1959a, 1959b) found that when sheep were transferred to lush spring 
grass, a sharp increase (up to 70 mg./lOO ml.) in rumen lactate was ob­
served. This was presumedly due to the high level of soluble carbo­
hydrate present in lush spring grass. Conversely, Forenbacher and 
Srebo6an (1963) observed that when cows.were fed fresh green fodder. 
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either as the total ration or in addition to silage, hay and concentrate, 
lactate levels were lower than when green fodder was not included in the 
diet. 
Chow and Walker (l961+a) fed different starch sources, in the form of 
lucerne or wheat, as the sole diet to sheep. The animals were gradually 
transferred to the experimental diets and maintained at as near the ad 
libitum intake as could he maintained without feed refusals. Lactic acid 
concentrations were determined in samples taken from the rumen at various 
times. Considerable variation in rumen lactic acid occurred (0-50 mg./lOO 
ml.) both between sheep and among samples from the same sheep, especially 
on the wheat diet. 
ITie same authors (Chow and Walker, 196kb) obtained similarly variable 
results in subsequent experiments using rice, maize, and potatoes as the 
sources of starch. They also noted that the feeding of potatoes resulted 
in lower lactate values than the feeding of grains. K6fla, et al. (1961) 
fed sheep a diet of hay and straw which was supplemented with l) fodder 
beets and oats, 2) fodder beets, oats, and urea, and 3) sugar beet 
slices, oats, and urea. Only the diet supplemented with fodder beets and 
oats produced lactic acid values of any appreciable magnitude. 
Whanger and Matrone (1965a) fed sheep purified diets with and with­
out sodium sulfate. There were only traces of lactic acid detected in 
the rumen fluid from the sulfur-fed animal, but there were large quanti­
ties in that of the sulfur-deficient animal (up to 78 ymoles/ml.). 
Ryan (1964a) measured lactic acid in the rumen of sheep which were 
gradually transferred from a hay diet to a diet of hay plus grain. The 
grain level was increased up to ^  libitum consumption. During the 
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transitional period, there were transitory increases in ruminai lactic 
acid, up to 13 ymoles per ml. 
Krough (1961) found that the feeding of commercial wheaten starch 
to sheep on a hay diet led to acute indigestion accompanied by an in­
crease in lactic acid concentration in the rumen. 
Hungate e^  al. (1952) added excess amounts of grain (rye, wheat, or 
corn) or glucose to the rumen of sheep. Two-thirds of all animals died 
within 2k hr. of treatment. The rumen contents of the dead sheep con­
tained "abundant nonvolatile acid" which consisted "almost entirely of 
lactic acid". Similarly, Ryan (1964b) added cracked wheat to the rumen 
of sheep and observed a subsequent increase in lactic acid which was 
accompanied by a marked decrease in concentration of lower volatile 
fatty acids. Again, the addition of grain to the rumen proved fatal 
for three out of four animals. 
Lewis (1962) added starch, casein, and starch plus casein to the 
rumen of fasted sheep and found that ruminai lactic acid fluctuated 
considerably between 0 and 10 mg./lOO ml. for all treatments. 
Working with in vitro systems, Bruno and Moore (1962) found that 
the production of lactic acid in ruminai ingesta was stimulated by 
commercial alfalfa meal, heated and unheated alfalfa, glucose, and heat­
ed starch. The largest quantities of lactic acid were produced by the 
commercial alfalfa meal substrate. 
Salsbury et (1961) used rumen fluid from animals receiving hay 
and concentrate in the proportion of 10:1 or 11:9 to incubate boiled or 
untreated corn starch. Boiled starch usually resulted in a greater pro­
duction of lactic acid than did the untreated starch. Also, the diet 
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containing the larger proportion of concentrate produced the highest 
level of lactic acid. 
Several research workers have reported feeding lactic acid to cattle 
or sheep to determine l) its feeding value (Emery, I96I; Klosterman and 
Bentley, 1958), 2) its energy value and its effect on digestibility (Ekern 
and Raid, 19^ 3; Johnson e;t , 1962) and 3) its effect on milk production 
and composition (Adams and Ward, 1962; Radloff and Schultz, I963). 
Numerous studies have been conducted to elucidate the nature and 
extent of the involvement of lactic acid as a metabolic intermediate in 
the fermentation of various substrates. Jayasuriya and Hungate (1959) 
state that lactate is not an important intermediate in the rumen fermen­
tation in hay-fed steers and is not a precursor of the propionate formed. 
Conversely, though, they conclude that in most grain-fed animals lactic 
acid may be an intermediate representing as much as one-sixth of the 
total substrate. In a study of the effect of penicillin on rumen fer­
mentation, Johns (1958) reported that the feeding of penicillin to one 
member of a pair of identical twin cows resulted in a temporary accumula­
tion of lactic acid. 
Waldo and Schultz (1960) administered several glucogenic substances, 
including sodium and calcium lactate, intraruminally to fistulated steers 
and observed that lactate fermentation decreased with increasing solubi­
lity of the lactate administered, i.e., with an increasing proportion of 
sodium to calcium lactate. They further observed that higher concentra­
tions of rumen lactic acid increased the percentage lost via fermenta­
tion. Using an vitro system with rumen microorganisms, Moore al. 
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(1962) found that lactic acid accumulated when powdered cornstarch was 
fermented at a high rate. One explanation suggested that the rate of 
lactate production exceeded the rate of lactate degradation when the 
fermentation proceeded at a rapid rate. 
Other workers have added various substrates to the rumen and have 
observed their fate during fermentation. Waldo and Schultz (1956) added 
glucose to the rumen of dairy steers and observed increases in lactic 
acid concentration in the rumen with peaks of l48 mg./lOO ml. at 1 hr. 
after administration. Cellulose, starch, and pyruvic acid gave no rise 
in ruminai lactic acid, however. In a later trial, sucrose was used as 
the added substrate and lactic acid accumulated at low levels for periods 
up to 4 hr. (Waldo and Schultz, I960). Phillipson (1952) also found an 
accumulation of lactic acid in the rumen of lambs resulting from the 
fermentation of glucose. 
Specific organisms have been isolated from the rumen and fermenta­
tions have been carried out using these organisms. Bauman and Foster 
(1956) characterized such organisms from the rumen contents of cows fed 
high-grain and low-grain rations. From the high-grain samples the 
predominating organisms were gram-positive cocci resembling the genus 
?e,ciLOCOCCJUU) which were essentially homofermentative, converting glucose 
primarily to lactic and acetic acids in a molar ratio of 10:1. From the 
low-grain samples the organisms found in greatest numbers were gram-
positive, pleomorphic, anaerobic rods which resembled La.ct.obCL(lyittuJ> 
byL{^ ÂxilU). These organisms fermented glucose almost entirely to acetic 
and lactic acids in a 2:1 molar ratio. 
Several LacXobacyitùii species were isolated, by Jensen et al. (1956), 
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from the rumen of a cow receiving a high-roughage diet. These organisms 
were said to be active fermenters of many carbohydrates producing lactic 
acid; or lactic acid, acetic acid, and COg. 
Mann and Oxford (195^ ) isolated Lactobacyittiià-like organisms from 
the rumen of young calves; these organisms produced lactic acid from 
glucose. 
Hungate ^  al. (1952) associated St^ £.pt0C0CC.ué bov^ À with high 
acidity in the rumen, especially because of its homofermentative nature 
in producing lactic acid. Heald (1952) incubated xylose, glucuronic 
acid, glucose and cellobiose with bacterial isolates from the contents 
of a sheep's rumen and found that lactic acid was not formed from xylose 
or glucuronic acid, but was formed from glucose and cellobiose. Using 
microorganism preparations from the bovine rumen, Robinson e;^  al. (1955) 
added arabinose, pyruvate, malate and succinate to the list of substrates 
yielding little or no lactate on incubation. However, they added fructose 
and maltose to the list of those substrates that do produce lactate. 
Cheng (1956) further extended these lists through incubating several 
sugars with suspensions of rumen microorganisms and showing lactic acid 
to be produced as an intermediate with lactose, fructose, galactose, 
cellobiose, raffinose, mannose, starch, and dextrin. Little or no 
lactate was produced with arabinose, rhamnose, ribose, turanose, and 
sorbose. Howard (1958) found D-ribose to be the only pentose or pentosan 
tested which did produce lactate. 
Huhtanen and Gall (1952) worked with rumen organisms of unclear 
taxonomy which were nonsporeforming, obligate, anaerobic rods, and which 
attacked fiber producing propionic, butyric, acetic, and lactic acids as 
13 
the main end products. 
Protozoa have also been isolated from the rumen and their fermenta­
tions studied in vitro. Heald and Oxford (1953) isolated I^ ot/occha 
p^ o^ toma, l&ofyvizka into^ tlnaLU, md Vcu>ytAlcha. mminantÂjM from sheep 
and found these holotrich ciliates to produce acetic, propionic, butyric 
and lactic acids from glucose, fructose, sucrose, raffinose, inulin, 
and grass fructosan. These authors, along with Phillipson (1958), sug­
gest that protozoa convert feed carbohydrate into storage carbohydrate 
(glucosan) which, if the organisms are starved, can be metabolized re­
leasing acetic, butyric and lactic acids. Howard (1957) further compared 
the fermentation characteristics of VcUaytfbichx and l^ othA-dha. isolated 
from the rumen of sheep. VcUytAicka fermented glucose, galactose, 
cellobiose, and maltose while léot^ chCL fermented only glucose. Lactic 
acid, volatile fatty acids and storage starch are among the listed fer­
mentation products. Rice starch grains were also fermented by liotftccha. 
2. Fermentation of lactic acid 
Lactic acid which appears in the rumen, either from ingestion or 
from fermentative production, is subject to microbial fermentation and 
conversion to other end products. Huhtanen and Gall (1953) isolated two 
lactate-utilizing organisms from the rumen. One was a gram-positive, 
short, pleomorphic, nonmotile rod which became coccoid in older cul­
tures. The other was a large, gram-positive diplococcus which quickly 
reverted to a gram-negative form. These organisms were reported to be 
frequently found in the rumen of animals on a high-grain or purified 
diet. Johns (19513-) isolated an anaerobic micrococcus from the rumen 
of sheep. The organism was identified as VoxlÂ-OnolZd Qa.Z0QQ.yiU and was 
Ik 
shown to produce propionic acid, acetic acid, COg, and Hg by fermentation 
of lactic acid. In later work, Johns (1952) showed that Cto^ tMA-dLLum 
pAop-ioniciMn converted lactate to propionate but, apparently by a pathway 
different from that of VeÂLionzttcL gazog&n&i. Bryant (1956) studied 
various strains of the genus SiltQ.nomoncU> isolated from the rumen contents 
of cattle on various diets and observed that these strains were quite 
variable in their ability to ferment lactic acid. Those strains that 
did ferment lactate produced propionic and acetic acids as end products. 
An organism referred to as LC by Elsdon eind Volcani (1956), isolated from 
the rumen contents of a sheep, was shown to ferment lactic acid producing 
Hg, COg, acetate, propionate, n-butyrate, and n-valerate. 
Studies in which lactic acid has been fed or otherwise introduced 
into the rumen have indicated that lactic acid is converted to propionic 
acid in the rumen. Waldo and Schultz (1956) observed a significant 
negative correlation between changes in concentration of lactic and 
propionic acids. Ekern and Reid (1963) infused lactic acid into the 
rumen and observed ruminai concentrations of volatile fatty acids which 
suggested a rapid lactate fermentation yielding predominately propionate. 
Rook e;^  al. (1965) observed similar volatile fatty acid concentrations 
when lactate or propionate was infused into the rumen of lactating dairy 
cows, also suggesting the conversion of lactate to propionate. 
Hueter e^  al. (1956) added lactate to the bovine rumen and found 
that lactate can be converted to propionate and butyrate by the ruminai 
flora. Montgomery e;^  al. (1963) infused lactic acid intraruminally into 
cows and observed volatile fatty acid concentrations which indicated a 
conversion of lactate to butyrate in the rumen. In vitro work with 
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bovine and ovine rumen microorganisms, Hershberger et al. (195^ ) noted 
that the fermentation of lactate resulted in the formation of acetate 
and propionate in approximately the same proportion. In similar work 
with organisms from the bovine rumen, Bruno and Moore (1962) found the 
product composition from lactate fermentation to vary with fermentation 
pH. At pH 6.3 only 3% of uniformly labeled lactic acid was converted 
to propionate while 35% was converted to acetate. 
Several workers have contributed information relative to the path­
way by which lactic acid is converted to propionic acid. Johns (19^ 9), 
working with an anaerobic micrococcus isolated from sheep, proposed a 
mechanism for the conversion of lactate or pyruvate to propionate in­
volving dicarboxylic acid intermediates : 
He presents evidence in support of this mechanism in later studies with 
Q^ÀJULonQJUick. gazogeneô (Johns, 1951b). Cl.oi>thi,diim pnop-iowicjm did not 
decarboxylate succinate, nor did it fix COg into propionate while fer­
menting lactate, but it was observed to ferment acrylate (Johns, 1952). 
This led to a proposal of the acrylate pathway for the conversion of 
lactate to propionate : 
Evidence in support of this mechanism was given by Ladd and Walker (1959) 
as they demonstrated that cell-free extracts of the rumen organism 
designated "LC" fermented lactate and.acrylate at the same rates 
COg 2H 
.^ O^xalacetate ^  b^ Malate 
>Fumarate 
Lactate 2_  ^Acrylate 
+2H j^ Propionate 
i6 
yielding acetate, propionate, CO^ , and in the same proportions. 
Since succinic acid is a symmetrical dicarhoxylic acid, propionate 
produced from lactate-2-^ C^ via the succinate pathway would contain a 
li|. 
random distribution of C in either the methyl or methylene groups. 
Propionate produced from lactate-2-^ C^ via the acrylate pathway, however, 
lU 
would contain C only in the methylene position. Consequently, these 
pathways are referred to as the randomizing (succinate) and nonrandomiz-
ing (acrylate) pathways (Baldwin e;t I96I, 19^ 2, I963 and Satter 
et al., 196^ ). 
Baldwin ^  (196I, 1962, I963) conducted a series of studies to 
determine the importance of these two pathways in rumen fermentation. 
l4 
Rumen fluid from cows on different diets was incubated with lactate-2- C 
or lactate-3-^ C^ and the resulting appearance of radioactive carbon in 
propionate was determined. Partial randomization of carbon atoms two and 
three of propionate indicated a contribution of both pathways with the 
acrylate pathway predominating to some extent, depending upon the diet 
of the cows from which the rumen fluid was obtained (Baldwin et al., 1961). 
In further work with fermentation of labeled lactate, Baldwin et al. 
(1962) found that propionate was labeled as though as much as 70-90% was 
formed by way of the nonrandomizing (acrylate) route. However, when 
glucose, labeled in the one, two, or six carbon, was fermented, propionate 
was labeled as though T0-100% was formed via the randomizing (succinate) 
route and 0-30% via the nonrandomizing (acrylate) route (Baldwin ej^  al., 
1963). Satter et al. (196U) incubated labeled ct-cellulose and hemi-
cellulose with rumen contents from cows receiving high-grain or low-grain 
diets. They indicated that the majority of propionate in the rumen is 
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formed by way of the succinate pathway but that the contribution of the 
acrylate pathway increases with higher carbohydrate availability in the 
diet. This is in agreement with the results of Baldwin al. (1962, 
1963). 
Knox (1966) injected labeled dl-lactate or d-lactate intraruminally 
or intravenously and found that the percentage of recovered in 
respired CO^  was 35*3 and U3.I for intraruminal and intravenous injections, 
lit 
respectively, when the dl-lactate- C was injected. Corresponding values 
of 22.T and k3-^ ! were obtained with the d-lactate-^ C^ isomer. The trans­
fer quotient of dl-lactate-^ C^ to plasma glucose was l6.6% and 23•1% for 
ik 
the d-lactate- C isomer. 
3. Absorption of lactic acid 
Hueter e;^  al. (1956) added calcium and sodium lactates to the rumen 
of cattle and observed that only the more soluble sodium lactate caused 
marked increases in blood lactate. The increase in blood lactic acid 
was closely correlated with the decrease in lactic acid in the rumen 
fluid. This led the authors to conclude that soluble lactate can be 
absorbed in large amounts directly into the blood. Waldo and Schultz 
(i960) found similar results when calcium or sodium lactate or both were 
added to the fistulated rumen in steers. However, as concentration of 
lactate in the rumen increased above 200 mg./lOO ml., absorption increased; 
little absorption occurred below this concentration. Tsuda (1956b) ad­
ministered an isotonic solution of lithium lactate to goats which had 
been equipped with a surgical preparation known as the miniature rumen 
(Tsuda, 1956a) and found that after 4 hr. as much as 50^  of the lactate 
was absorbed. Whanger and Matrone (1965b.) fed sheep sulfur-adequate and 
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sulfur-deficient purified diets. Since lactate accumulated in the rumen 
of the sheep receiving the sulfur-deficient diet and since blood lactate 
in this sheep was higher than in the sheep receiving the sulfur-adequate 
diet, the authors concluded that lactate was directly absorbed. However, 
blood lactate could appear from absorption at a different site in the 
digestive tract or from metabolism of precursors. Johnston et al. (1961) 
present evidence for the absorption of lactate from the omasum. Also, 
lactic acid can be synthesized by the rumen epithelium (Pennington and 
Sutherland, 1956b; Ramsey and Davis, 1965; and Taylor and Ramsey, I965). 
Therefore, changes in the concentration of blood lactate should be 
interpreted with care. 
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III. EXPERIMENTAL PROCEDURE 
This section of the dissertation is divided into three parts. The 
first part describes several preliminary investigations, the second part 
describes three factorial experiments which were suggested by the pre­
liminary investigations and the third part describes laboratory procedures. 
A. Preliminary Investigations 
Several preliminary investigations were conducted in an attempt to 
determine the specific area of emphasis for the thesis problem. 
1. Calves fed antibiotics in milk or grain or both 
This investigation was conducted to determine if the reaction to the 
STEP combination of antibiotics (Van Horn, 1962; Shellenberger, 1964) was 
due to the introduction of antibiotics into the rumen or to their intro­
duction into the lower digestive tract. 
Holstein, Brown Swiss, Guernsey, Ayrshire and Jersey calves from 
the Iowa State University dairy herd were given (per calf daily) an 
antibiotic combination consisting of TO mg. streptomycin, TO mg. tylosin, 
TO mg. erythromycin and 4-0 mg. penicillin (STEP). The animals were fed 
alfalfa hay or pellets ad libitum and a calf starter composed of hO% 
ground corn, 2^ % crushed oats, 20% soybean oil meal, 10^  molasses, 2% 
dicalcium phosphate and 1% salt with trace minerals. The calves also 
received 2 lb. of whole milk per day at the evening feeding. The STEP 
combination was administered in the milk by using a bottle equipped with 
a nipple. It was anticipated that the antibiotics, in this way, would 
by-pass the rumen via the esophageal groove and directly enter the lower 
digestive tract. The calves used in this study were divided into three 
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groups of eight, six and twelve animals, respectively. The first group 
of eight calves, two of which received only 2 lb. grain per day (low-
grain diet), was given 250 mg. STEP per calf in the milk once daily as 
described, for h days. At the time of treatment these animals averaged 
about 100 days of age. Observations were made on such characteristics 
as general appearance and well-being of the animals, incidence of diarrhea 
and grain consumption. Since relatively little reaction was observed 
(as compared to that observed by Van Horn, 1902), the STEP was then fed 
with the evening feeding of grain during a period of 6 days. A second 
group of six calves was fed 250 mg. STEP per calf daily with the evening 
grain feeding without receiving any antibiotic in milk. 
A third group of 12 male calves averaging about 130 days of age 
was also fed 250 mg. STEP per calf daily. Four calves were given the 
antibiotics in milk for 4 days and then in grain for 6 days. The remain­
ing eight animals were fed STEP in the evening feeding of grain for 6 
days only. 
2. Administration of various levels of STEP 
Twelve steers of Holstein, Brown Swiss, Guernsey, or Jersey breed­
ing, averaging 9.3 months of age and k9k lbs. in weight, were divided 
into two groups - the first consisting of four animals and the second of 
eight. All animals were fed alfalfa hay free-choice and grain at as near 
the libitum consumption level as they would consistently consume 
(8-10 lb./day). The grain mixture consisted of 53.9^  ^ground corn, 
32.36% crushed oats, 10.79% soybean oil meal, 1.9^ % dicalcium phosphate 
and 0.97% salt. The animals were housed and fed in individual stalls. 
The first group (four animals) was.fed 125 mg. STEP per animal per 
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day in the evening feeding of grain for a period of 7 days. The second 
group (eight animals) was fed increasing amounts of STEP over an 11-day 
period in the following amounts per animal per day: 62.5 mg. for days 
1, 2 and 3, followed by 125 mg. for days k and 5» 187-5 mg. for days 6 
and 7, and 250 mg. for days 8, 9, 10 and 11. 
3. Administering sodium bicarbonate and STEP 
Two Holstein steers and one Brown Swiss heifer averaging 11 months 
of age and 578 lbs. in weight were given sodium bicarbonate during a 6-
day period in which STEP was being fed with grain. The animals were fed 
alfalfa hay free-choice and 10 lb. per head daily of the grain mixture 
described on page 20. Sodium bicarbonate, in a water solution, was 
introduced into the rumen by stomach tube at the rate of 150 g. per 
animal twice daily while STEP was given with the evening feeding of grain 
at the rate of 250 mg. per head daily. Animal observations included 
grain consumption, general appearance and well-being, incidence of 
diarrhea and other symptoms which would indicate a reaction to the 
antibiotics. 
U. Administration of STEP boluses to steers on alfalfa pasture 
Six fistulated dairy steers (four Holstein and two Guernsey) were 
allowed to graze alfalfa pasture from 7:00 to 10:00 a.m. and from 3:30 
to 6:30 p.m. Between grazings the animals were kept in a holding pen 
where fresh water and iodized salt were available. Three of the animals 
were selected at random to receive antibiotic boluses, while the remain­
ing three were used as control animals. On June 3, and again on Septem­
ber li|, two STEP boluses per animal were administered. These boluses 
22 
were supplied by Eli Lilly and Company, Greenfield, Indiana, and were 
described by Shellenberger (196^ ). The boluses were administered by 
balling gun. 
Rumen fluid was sampled from the ventral portion of the rumen by a 
suction strainer inserted through the fistula and attached to a syringe 
by a length of flexible tubing. Samples were taken at the end of the 
morning grazing period; that is, 3 hr. after the animals were turned out 
to graze. Samples were obtained once daily for 1 week before bolusing, 
1 day immediately following bolusing, and once each week for the re­
mainder of the pasture season with the last samples being taken on 
August 6. Since pasture was again available in mid-September, the 
treated animals were rebolused on September lU and samples were taken 
once daily on each of the 3 days subsequent to bolusing (September 15, 
16 and 17). 
All samples were immediately transported to the laboratory, frozen 
and stored for later analysis to determine lactic acid content. 
5. Administration of STEP boluses to steers being fed green-chopped 
alfalfa 
One animal from the treated group and two from the control group of 
the previous study were also used in this trial. The animals were con­
fined to dry-lot and were fed green-chopped alfalfa at 7:00 a.m. and 
2:00 p.m. daily. A grain mixture (65% ground shelled corn, 3W crushed 
oats and Vfo dicalcium phosphate) was fed at 6:30 a.m. at the average 
rate of 2 lb. per animal daily. The animals had access to fresh water and 
iodized block salt at all times. Two STEP boluses each were given by 
balling gun to two of the steers just before the afternoon feeding. The 
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remaining steer did not receive boluses and had not been bolused in the 
previous trial. Samples of rumen fluid were obtained in a manner simi­
lar to that employed in the previous study. Rumen fluid was collected 
just before, and at 1, 3 and 6 hr. after the morning feeding of green-
chopped alfalfa on the day boluses were given and on the day following. 
Samples were also collected at the third hour after feeding on the three 
subsequent days. The samples were placed in 50 ml. sample bottles to 
which had been added 1 ml. of a saturated solution of HgClg. The rumen 
fluid was then frozen, stored for approximately four months, and then 
analyzed for lactic acid content. 
6. Administration of STEP to steers on a high-grain ration 
Twelve dairy steers weighing about 500 lbs. were divided into two 
groups of equal number. One group was fed 250 mg. STEP in the evening 
feeding of grain for U days, while the other group was not fed antibio­
tics. All animals were housed and fed in individual stalls. Alfalfa 
hay was offered free-choice and grain was fed at as near the libitum 
level of consumption as could be maintained without feed refusals. 
Rumen fluid was sampled by means of a suction strainer and 50 ml. 
metal syringe connected by a length of Tygon tubing (5/l6 inch inside 
diameter) which was passed through a two-foot section of 3/4 inch 
(inside diameter) steam hose. The steam hose was used to push the 
strainer over the animal's tongue and past the epiglottis, then the 
Animal was allowed to swallow the strainer and the connected suction 
tube. After the strainer entered the rumen, 20-30 ml. of fluid was drawn 
to flush the line and was discarded. Another syringe-full of fluid was 
drawn for the 50 ml. sample. The syringe and tubes were rinsed with tap 
2 k  
water after each animal was sampled. Samples were taken 3 hr. after the 
morning feeding of grain on the day of initiation of antibiotic feeding 
and on the four subsequent days. The samples were treated with HgClg as 
in the previous trial, transported to the laboratory and analyzed imme­
diately for lactic acid content. 
B. Factorial Experiments 
1. Experiment 1 
Sixteen Holstein heifers and steers were used in an experiment of 
randomized block design with a 2x2x2 factorial arrangement of treatments. 
The variables and their respective comparisons are as follows: 
Variable Comparisons 
A sex male female 
B grain 2#/day near ^  libitum 
C antibiotic none 250 mg. STEP daily 
The calves selected for the experiment were all born within a period of 
3 months. The animals were ranked according to age - the eight oldest 
being heifers, the eight youngest steers. Each group of eight was divid­
ed into two groups of four animals each (four oldest and four youngest) 
and the animals within each group of four were randomly assigned to the 
various combinations of grain level and antibiotic level. In this manner, 
the experiment was replicated twice - the first replication consisting 
of the four oldest heifers and four oldest steers, the second consisting 
of the four youngest heifers and four youngest steers. 
Twelve of the animals were housed and fed in individual stanchions; 
the remaining four were kepL in pairs in box stalls adjacent to the 
25 
stanchions. However, feed consumption data were maintained for each 
animal. All animals had access to fresh water in individual watering 
"bowls. 
The animals were placed on their respective diets (high-grain or 
low-grain) when the youngest animals were 5 months of age. They remained 
on these diets for approximately 6 months before, as well as during, 
antibiotic feeding. 
Those animals receiving the high-grain diet were fed, in addition 
to 2 lb. of alfalfa or grass hay per animal per day, all the grain 
(53.9^  ^ground corn, 32.36# crushed oats, 10.79% soybean oil meal, 1.9^ % 
dicalcium phosphate and 0.91% salt) they would consume regularly without 
feed refusals. The animals receiving the low-grain diet were fed 2 lb. 
grain per animal daily and alfalfa or grass hay a^  libitum. Antibiotics 
were fed once daily with the morning feeding of grain for a period of 28 
days. Due to an error in calculation, the STEP mixture was fed at the 
rate of 206 mg. per animal daily instead of the intended 250 mg. daily. 
Samples•of rumen fluid were obtained with the suction strainer and metal 
syringe connected by a length of Tygon tubing as previously described. 
Rumen fluid was sampled from each animal at various times before, during, 
and after the period of antibiotic feeding as shown in Table 1. The water 
supply to the pens was shut off approximately 30 min. before sampling. 
The samples were treated with HgCl^  as previously described, immediately 
transported to the laboratory and centrifuged in a Servall Automatic 
Supercentrifuge for 30 min. at l8,800 g. The supernatant fluid of this 
preparation was decanted into a 50 ml. sample bottle, frozen and stored 
until analyzed for lactic acid content. 
Table 1. Sampling schedule for Experiments 1, 2 and 3 
Experiment 1 Experiment 2 Experiment 3 
Date Days^  Hours^  Date Days^  Hours^  Date Days^  Hours^  
March 2 
-7 3 May l4 -1 3 May 29 -U 3 
8 -1 3 15 0 0, 3, 6 June 2 0 0, 3, 6 
9 0 0, 3, 6 16 1 0, 3, 6 3 1 0, 3, 6 
10 1 0, 3, 6 17 2 3 h 2 3 
11 2 3 18 3 0, 3, 6 5 3 0, 3, 6 
12 3 0, 3, 6 19 h 3 6 k 3 
13 k 3 20 5 3 7 5 3 
14 5 3 21 6 3 8 6 3 
15 6 3 22 7 0, 3, 6 9 7 0, 3, 6 
16 7 0, 3, 6 29 Ik 3 l6 Ih 3 
23 lU 0, 3, 6 23 21 3 
April 5 27 0, 3, 6 
6 28 0, 3, 6 
20 h2 0, 3, 6 
a^ys relative to initiation of antibiotic feeding. Antibiotics were fed first with the 
morning feeding on day 0 and fed last on the morning of day 27. A minus sign means before 
antibiotic feeding was begun. 
H^ours relative to the morning feeding. Zero hour refers to sampling just before feeding, 
while 3 and 6 refer to that number of hours after feeding. 
D^ays relative to initiation of dietary change. Diets were changed with the morning feeding of 
day 0 and continued throughout the experiment. A minus sign means before dietary change. 
'^ Days relative to the initiation of green-chopped alfalfa feeding. Green material was first 
fed with the morning feeding of day 0 and continued throughout the experiment. A minus sign means 
before green-chopped alfalfa was fed. 
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Antibiotic assays were made on all samples taken on days 0 ,  1, 3, 7» 
l4; 27 and 28 according to methods sunmarized by Kirshbaum and Arret 
(1959)5 except that 12.7 cm. paper disks were used instead of cylinders. 
All antibiotic activity is expressed as procaine penicillin activity. 
2. Experiment 2 
The same animals used in Experiment 1 were used in this experiment. 
Twenty-five days lapsed between Experiment 1 and Experiment 2. In this 
trial a fourth variable was added to the three of Experiment 1 resulting 
in a 2x2x2x2 factorial arrangement of treatments. The additional variable 
was dietary change. Half the animals previously receiving the high-grain 
diet were changed to the low-grain diet and half of those receiving the 
low-grain diet were changed to the high-grain diet. In the previous 
study, there were two animals on each treatment combination. One member 
of each such pair was assigned at random to the dietary-change variable. 
Dietary changes took place with the a.m. feeding of day 0. 
Animals changed to the high-grain diet began receiving grain at the 
rate of 10 lb. per animal daily and the amount of grain was increased as 
rapidly as the animals would continue to consume all the grain offered. 
Antibiotics were not fed in this experiment but the antibiotic variable 
was left in the statistical analysis to detect any residual effect. 
Rumen fluid was sampled at various times before and after dietary 
changes took place as is shown in Table 1. Before analysis, samples were 
obtained and handled as in Experiment 1. The lactic acid analysis was 
modified at this point as described later. 
3. Experiment 3 
The same animals used in Experiment's 1 and 2 were also used in this 
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study. The animals which had been designated to receive antibiotics in 
Experiment 1 were designated to receive green-chopped alfalfa ^  libitum 
in this experiment. This again resulted in a 2x2x2x2 factorial arrange­
ment of treatments. The variables and their respective comparisons are 
as follows : 
Variable Comparisons 
A sex male female 
B grain 2 lb./day near ad libitum 
C dietary change no change change 
D green-chopped alfalfa Hone ad libitum 
The dietary-change variable was retained in the analysis of this experi­
ment to determine the residual or continued effect of the dietary changes 
which took place in Experiment 2. 
Using a flail-type forage harvester, the alfalfa was cut and fed 
twice daily. Wo hay was fed to those animals receiving green-chopped 
alfalfa. Feeding of the green-chopped alfalfa began on day 0 and con­
tinued throughout the experiment. Rumen fluid was sampled at various 
times before and during the time that green-chopped alfalfa was fed as 
shown in Table 1. Samples were handled in a manner similar to that used 
in Experiment 2. 
C. Laboratory Procedures 
1. Lactic acid analyses 
a. Procedure of Elsdon and Gibson In all the preliminary in­
vestigations involving the determination of lactic acid, except the trial 
in which poloxalene was administered, the procedure of Elsdon and Gibson 
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(195^ ) was used. This procedure gave somewhat erratic and unpredictable 
results with standard solutions. Standard solutions were prepared at 12 
or more specified intervals of concentration and were analyzed in dupli­
cate on each of 8 days. The results obtained in this way were averaged 
over the 8-day period for each concentration and then plotted. This 
plot was used as the "standard curve" with which the lactic acid con­
centration of unknown samples was determined. 
b. Procedure of Barker and Summerson In the factorial experi­
ments the colorimetric procedure of Barker and Summerson (l9^ l), modified 
to some extent, was used for the determination of lactic acid. This 
procedure was much simpler and faster than the Elsdon and Gibson method, 
but also gave somewhat erratic results. Apparently, other workers have 
had similar difficulty, as a number of modifications of the Barker-
Summerson method have been reported (Hullin and Noble, 1953; Pennington 
and Sutherland, 1956a; Mitchell and Cournand, 1955; Umbreit et al., 
1957). 
The Barker-Summerson procedure consists, basically, of three general 
steps: l) removal of protein from the sample, 2) removal of carbohydrates 
from the protein-free supernatant fluid and, 3) color development. Most 
of the suggested modifications involve the color-development step where 
lactic acid is oxidized to acetaldehyde in the presence of concentrated 
sulfuric acid. The acetaldehyde is then reacted with para-phenylphenol 
to develop the color. The range of oxidizing times and temperatures in 
the various modifications employed by the above authors suggested a need 
to determine an optimum oxidation time and temperature under present 
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conditions. Standard solutions, ail of the same concentration (lO mg/lOO 
ml.), were oxidized in 35 ml. glass-stoppered centrifuge tubes at various 
times and temperatures. The resulting optical densities of these solu­
tions are shown in Table 2. The highest optical density was assumed to 
mean greatest recovery and this occurred when oxidation took place at 
100°C for 5 min. 
Barker and Suramerson (l9^ l) found it unnecessary to use stoppered 
tubes in the color development step. They also added acid directly to 
the sample. Since heat is produced as the acid and sample are mixed, 
and since the acetaldehyde which is produced boils at room temperature, 
it was felt that it would be well to conduct the reaction at low tempera­
ture and, as much as possible, in a closed container. It was found that 
higher and less variable optical densities were obtained when the reac­
tion was conducted in screw-cap culture tubes fitted with teflon-lined 
caps. These tubes were more effective in this respect than were glass-
stoppered centrifuge tubes which were more effective than rubber stopper­
ed tubes which were in turn more effective than unstoppered tubes. 
By first placing the acid in the tubes, chilling in an ice bath, 
then overlaying the acid with the sample and capping the tube before 
shaking, the desired conditions could be approached. 
Before samples from the second and third factorial experiments were 
analyzed, all laboratory equipment was moved into a new building. After 
moving, we were unable to reproduce the standard curve which had been 
strictly repeatable day after day with two technicians in the old 
laboratory. Consequently, some changes were made in the procedure at 
this time. Barker and Summerson suggested several protein precipitation 
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Table 2. Optical densities^  of 10 mg./lGO ml. standard at various 
oxidation times and temperatures 
Time (min.) 
Temperature (C°) 
6o TO 80 90 100 
2.5 0.396 
5.0 0.315 0.401 
7.5 0.368 
10.0 0.271 0.373 0.327 
15.0 0.303 0.323 0.317 
20.0 0.285 0 . 3 0 3  0.288 0 .308 
ro
 
o
 
0.264 0 . 3 3 4  0.278 
30.0 0.236 0.291 
35.0 0.266 
E^ach optical density represents the mean of triplicate samples 
oxidized at that particular temperature and time. 
reagents (trichloroacetic acid, tungstic acid, zinc hydroxide and 
cadmium hydroxide). Of these, zinc hydroxide had been used, but it was 
found that much higher and less variable results were obtained when a 
25% solution of metaphosphoric acid was used to precipitate protein. A 
Beckman model B spectrophotometer was used to determine optical densities 
of all solutions. The original procedure suggested making readings at a 
wavelength setting of 500 my. It was determined that peak optical den­
sities were obtained at a wavelength setting of 5^ 5 my ; therefore, this 
setting was used for the last two experiments. 
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2. Sample storage 
To determine the effect of storage on the lactic acid content of 
rumen fluid samples, an additional study was conducted employing a com­
pletely randomized design with a 2x2x2x2 factorial arrangement of treat­
ments. The variables and their respective comparisons are: 
Variables Comparisons 
A sample medium water rumen fluid 
B added lactate ion-free water lactate standard 
C sample container Erlenmeyer flasks sample bottles 
D storage condition refrigerated frozen 
The two sample media, to which had been added ion-free water or lactate, 
were analyzed for lactic acid content, placed in their respective con­
tainers and then stored in either a refrigerator or a freezer. All 
samples were again analyzed at the end of each of three consecutive 
28-day periods. The data were statistically treated as a split-plot 
design; individual samples were the whole plots while storage periods 
were sub-plots. 
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IV. EXPERIMENTAL RESULTS 
A. Preliminary Investigations 
1. Calves fed antibiotics in milk or grain or "both 
In the first group of calves (eight animals), the two calves re­
ceiving the low-grain diet were not observed to show any outward effects 
from the STEP mixture, either when administered in the milk or in the 
grain. Of the remaining six calves in this group, three showed no change 
in grain consumption, no incidence of diarrhea and no other outward ill 
effects. However, the remaining three calves all exhibited highly vari­
able grain consumption following STEP administration in either milk or 
grain. One calf also exhibited diarrhea on the second and third day of 
STEP administration in milk. By the sixth day of STEP feeding in grain, 
all animals were consuming grain normally. 
In the second group (six calves), which received STEP only in the 
grain, two animals showed no change in grain consumption but one did have 
mild diarrhea 2h hr. after STEP was first fed. The remaining four 
animals in this group exhibited erratic grain consumption from 1 to ^  
days following the initiation of STEP feeding. Consumption had returned 
to normal by the sixth day. These animals did not, however, have 
diarrhea or other signs of ill health attributable to antibiotic feeding. 
Of those seven calves showing signs of reaction to antibiotic feeding, 
five were females and two were males. Of those not exhibiting any re­
action, two were females and three were males. 
In the third group (twelve calves), four animals received STEP in 
milk for U days and then in grain for 6 days. Only one of these animals 
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refused to eat the grain offered and that was a complete refusal of the 
evening feeding on the fourth day of STEP administration in milk. Of 
the eight animals receiving STEP only in grain, three exhibited erratic 
consumption of grain during the period of STEP feeding. No sign of 
diarrhea or other symptoms of digestive disturbance (other than erratic 
grain consumption) were observed in the animals of this group. 
2. Administration of various levels of STEP 
In the group fed 125 mg. STEP per day only one animal did not show 
any signs of reaction to STEP. The other three animals had depressed 
appetites; two refused some or all of the grain offered on the fourth 
and fifth days of STEP feeding, while the third ate all the grain offered 
I on the fourth and fifth days but did not eat with normal vigor. This 
animal also refused some grain on the third and sixth days of STEP feed­
ing. No diarrhea was observed. The remaining eight animals which were 
fed increasing levels of STEP reacted in various manners. Five did not 
show any change in grain consumption although one animal did not eat 
with usual vigor for two feedings three days after STEP feeding began. 
Three animals did exhibit depressed appetites during the time that the 
lower levels of STEP were being fed. All animals were eating normally 
by the time the 250 mg. level was fed. Again, no diarrhea was observed. 
3. Administration of sodium bicarbonate and STEP 
All three animals given sodium bicarbonate and STEP refused most of 
the grain offered 2k hr. after the initiation of treatment. One animal 
continued to refuse some grain for four days following the initiation of 
STEP and sodium bicarbonate administration. This animal also had a mild 
case of diarrhea at the time appetite depression was first noted. 
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4. Administration of STEP boluses to steers on alfalfa pasture 
The results of this investigation are shown in Table 3. Large in­
creases in lactic acid occurred in the treated animals one day following 
bolusing and, again, approximately one month later without further treat­
ment. Increases of a similar magnitude occurred in the control animals 
on the first two days subsequent to rebolusing the previously treated 
animals. 
5. Administration of STEP boluses to steers being fed green-chopped 
alfalfa 
The results of this study appear in Table 4. Considerable variation 
occurred in lactic acid values for both the control animal and the treat­
ed animals. Large increases occurred in all animals the day following 
bolusing and again in the treated animals on the second and fourth days 
after bolusing. 
6. Administration of STEP to steers on a high-grain ration 
The results of this trial appear in Table 5- Very little lactic 
acid was detected in any of the samples taken during the trial. 
B. Factorial Experiments 
1. Experiment 1 
The results of Experiment 1 are presented as grain consumption data 
and as data from the analysis of rumen fluid samples. The results from 
the rumen fluid analyses are presented as lactic acid values, including 
the statistical analyses of these data, and as antibiotic assay data. 
The grain consumption data are presented in Figure 1. Animals con­
suming the high-grain diet and receiving STEP ate less grain than normal 
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Table 3. Ruminai lactic acid in fistulated steers receiving STEP boluses 
while on alfalfa pasture 
Lactic acid content of 
Sampling^  rumen fluid (mg./lOO ml.) 
Date Control animals Treated animals 
May 28 3.08  5 .20  
29 1.65 1.65 
30 1.50 5.TO 
31 1.30 1.90 
June 1 2.10 2.65  
2 2.15 2.15 
3C 1.60 1.85 
4 2.10 20.00 
11 1.85 k . Q O  
18 1.50 3.20 
25 3.00 2.90  
July 2 1.45 2.U5 
9 2.55  IT.50 
IT 1.35 1.50 
23 0.95  0 .90  
30 1.30 1.25  
August 6 2.65  2 .25  
I h .  
A^ll samples were taken 3 hr. after feeding. 
A^verage of values for three animals. 
B^oluses were administered in the afternoon of June 3 and September 
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Table 3. (Continued) 
 ^ Lactic acid content of ^  
Sampling rumen fluid (mg./lOO ml.) 
Date Control animals Treated animals 
September 15^  10.75 4.75 
16 17.50 3.45 
17 2.55 3.30 
Table U. Rumen lactic acid levels in steers receiving STEP boluses and 
green-chopped alfalfa 
Lactic acid content of 
Sampling Hours after rumen fluid (mg./lOO ml.) 
Date feeding Control animal Treated animals^  
September 12 0^  0.75 0.70 
1 1.25 8.90  
3 l.Uo 1.10 
6 1.00 H
 
0
 
0
 
September 13 0 1.05 1.10 
1 11.05 8.65 
3 19.00 18.00 
6 1.35 7.40 
September lU 3 2.70 20.00 
September 15 3 3.10 3.40 
September 16 3 k . 5 0  11.05 
B^oluses were administered after collecting samples at the sixth 
hour after feeding on September 12. 
S^amples taken just before feeding. 
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Table 5- Ruminai lactic acid in steers receiving STEP in a high-grain 
ration 
Lactic acid content of 
 ^ rumen fluid (mg./lOO ml.) 
Days Control animals Treated animals 
0 1.30 i.Uo 
1 1.20 1.10 
2 1.30 1.20 
3 1.30 1.75 
4 1.00 1.65 
D^ays after the initiation of antibiotic feeding; 0 refers to the 
day STEP feeding was begun. 
on the day antibiotic feeding was begun and on the three days following. 
By the sixth day after the initiation of antibiotic feeding, grain con­
sumption had returned to normal. Beyond this time the amount of grain 
consumed by animals on the high-grain diet was somewhat variable whether 
they were receiving antibiotics or not. One day after antibiotics were 
first fed, one animal which was on the low-grain diet and which was re­
ceiving STEP refused a small portion of grain. 
The results from the analyses of rumen fluid samples for lactic 
acid are presented in Table 6 from which it can be seen that all lactic 
acid values are quite low, treatment combination means all being less 
than 6.0 mg./lOO ml. These data were separated into two groups which 
were given separate statistical treatment. The first group consisted of 
all data obtained on those days on which 0, 3, and 6 hr. samples were 
Figure 1. Effect of STEP on grain consumption Experiment 1 
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Table 6. Riminal lactic acid (mg./lOO ml.) for treatment combinations of 
Experiment 1^  
Sampling time^  Treatment combination^  
Day Hour (1) c b be a ac ab abc 
-T 3 2.4 2 . 9  4.6 1.1 4.6 5.8 1 . 8  2.9 
-1 3 1.6 2.7 2.1 3.4 0.4 1.1 1.6 1.6 
0 0 0 . 8  1.6 1.1 2.4 0.7 0.4 0.4 1.3 
3 0 . 9  1.6 0.6 0.2 2 . 8  0.4 0.3 0.2 
6 1.7 0.4 0 . 3  0.1 0.2 0,3 0.3 0.4 
1 0 0.2 0.5 0.4 0.0 0.3 0.3 0.3 0.7 
3 0.5  ^1.6 0.5 0.5 3.0 0.5 0.6 0 . 6  
6 0.3 0.7 0.4 0.2 3.7 0.6 0 . 6  1.8 
2 3 1.6 0.4 0.4 0.4 0.1 0 . 9  0.5 0.1 
3 0 1.0 2.3 0 . 8  0.5 0.4 0 . 8  0.8 0.7 
3 0.8 1.6 0.2 0.2 1.9 0 . 6  0 . 2  0.3 
6 0.3 1.2 0.5 0.2 0.5 2.5 0 . 8  0.5 
1; 3 O.U 1.6 0.6 0.4 0.5 1.6 0.5 0.6 
5 3 3.7 0 . 6  0.4 3.3 5.5 1.1 0.7 0.3 
6 3 U.l 1.3 0.8 0.9 1.9 0.6 0.8 0.8 
7 0 0 , k  4.0 0.4 0.6 0.3 0.2 1.0 0.6 
3 0.3 0.2 0.3 0.4 0.6 0.4 0.4 0.5 
6 0.2 0.4 0.3 0.4 1.2 0.7 0.2 0.5 
l4 0 0.0 0.5 0.3 0.3 0.1 0.7 0.2 0.1 
3 0.4 0.3 0.3 0.0 1.2 0.6 0.2 0.2 
6 0.4 0.7 0.1 0.1 3.0 0.2 0.4 0.4 
27 0 0.1 0.3 0.2 0.3. 0.3 0.3 0.5 0.6 
3 0.5 1.9 0.4 0.3 2.0 0.4 0.5 0.6 
6 0.5 0.8 0.6 0.5 3.6 0.6 0.6 0.3 
2 8  0 0.4 0.4 0 . 3  0.4 1.2 0.2 0.4 0.3 
3 0.8 3.7 0.3 0.1 2.7 0.7 0.2 0.4 
6 0.2 0.8 0.6 0.5 1.9 0.2 0.5 0.4 
h 2  0 0.4 0.1 0 . 6  0.1 0.5 0.2 0.8 0.5 
3 2.0 1.6 0.4 0.1 1.2 1.2 0.3 0.3 
6 0.1 0.4 0.4 0.2 0.2 0.2 0.2 0.3 
a^ch treatment combination represents two animals - one from each 
replication. 
S^ee Table 1 for description of these symbols. 
T^he letters a, b and c denote the second comparison of variables 
A, B and C, respectively. The first comparison is signified by the 
absence of the corresponding letter; (l) indicates the first comparison 
of all variables. The variables are: A-sex, B-grain level, and C-
antibiotic. 
1+2 
taken, while the second group consisted of values from all samples taken 
3 hr. after feeding. Data of the first group were statistically treated 
as a split-split-plot design in which whole plots were the individual 
animals, sub-plots were days within the animal's life and sub-suh-plots 
were sampling hours within those days. The analysis of variance of these 
data is presented in Table "J. 
Animals receiving the low-grain diet averaged O.89 mg. lactic acid/ 
100 ml. rumen fluid while those receiving the high-grain diet averaged 
0.^ 4 mg./lOO ml. The feeding of antibiotics caused a different response 
in males than in females. Of the animals not receiving antibiotics, 
males averaged O.U9 mg. lactic acid/100 ml. rumen fluid while females 
averaged O.9I mg./lOO ml. But, in those animals receiving antibiotics, 
males averaged 0.T5 mg./lOO ml. and females averaged 0.52 mg./lOO ml. 
Also, the two sexes responded differently to antibiotics when administer­
ed with the low-grain diet than when administered with the high-grain 
diet. There was little response to antibiotics by either males or 
females fed the high-grain diet. But, when the low-grain diet was fed 
without antibiotics, males averaged 0.55 mg./lOO ml. and females averaged 
1.37 mg./lOO ml. When the low-grain diet was fed with antibiotics, 
males averaged 1.13 mg. lactic acid/100 ml. rumen fluid and females 
averaged 0.53 mg./lOO ml. 
The hours x days interaction is graphically represented in Figure 2. 
There appears to be no consistent pattern for the 0, 3, and 6 hr. samples 
taken on the various days. 
Figure 3 shows the hours x sex and hours x grain interactions. The 
i+3 
Table T. Analysis of variance of split-split-plot data - Experiment 1^  
Source of Variation Degrees of Sums of Mean F 
freedom squares square 
Whole - plot analysis 
Replications 1 o.Uo 0.40 0.44 
Treatments T 46.02 6.57 7.30** 
A (sex) (1) 0.89 0.89 0.99 
. B (grain) (1) 19.99 19.99 22.21** 
C (antibiotic) (1) 0.39 0.39 0.43 
A X B (1) 0.00 0.00 0.00 
A X C (1) 10.59 10.59  11.77** 
B X C (1) 0.36 0.36  o.4o 
A X B X C (1) 13.80 13.80 15.33** 
Error (a) 7 6.31 0.90  
Total 15 52.73 
Sub-plot analysis 
Days 7 6.82 0.97  1.29 
Days X treatments \ 9  37.87 0.77 1.03 
Error (b) 56 42.06 0.75 
Total 112 86.75 
Sub-sub-plot analysis 
Hours 2 1.94 0.97  1.24 
Hr. X days lU 21.10 1.51 1.94* 
Hr. X treatments lU 28.34 2.02 2.59** 
Hr. X A (2) 5.40 2.70 3.46* 
Hr. X B (2) 9.96 4.98 6.38** 
Hr. X C (2) 3.65  1.83 2.35 
Hr. X A X B (2) 3.88  1.94 2.49  
Hr. X A X C (2) 0.62 0.31  0.40 
Hr. X B X C (2) 2.47  1.24 1.59 
Hr. X A X B X C (2) 2.36  1.18 1.51 
Hr. X days x treatments 98 57.86  0 .59  0.76 
Error (c) 128 99.91 0.78 
Total 256 209.15  
Grand total 383 348.63 
I^ncludes all lactic acid data obtained on those days on which 
samples were taken 0, 3, and 6 hr. after feeding. 
S^ignificant at the 3% level of probability. 
**Significant at the 1% level of probability. 
Figure 2. Interaction of hours x days - Experiment 1 
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Figure 3. Interactions of hours x sex and hours x grain level - Experiment 1 
S E X  
MALE FEfvlALE 
— 0—3"" 6 0—3"~6 
HOURS AFTER 
GRAIN LEVEL 
LOW HIGH 
0 —3 - 6 0—3 — 
FEEDING 
samples taken from males were similar at 0 hr. and 3 hr. "but lower at 6 
hr. after feeding. Those from females were low at 0 hr. but higher at 
3 hr. and 6 hr. after feeding. The animals fed the low-grain diet gave 
lowest values at 0 hr., highest at 3 hr. and intermediate values at 6 hr. 
after feeding. The results from high-grain animals were quite the 
opposite - highest values occurred 0 hr., lowest values 3 hr. and inter­
mediate values 6 hr. after feeding. 
Figure 4 shows a highly variable pattern as 0, 3, and 6 hr. values 
are compared for all treatment combinations. 
The data of the second group, which consisted of all samples taken 
3 hr. after feeding, were statistically treated as a split-plot design 
in which whole plots were the individual animals and sub-plots were days 
within that animal's life. Since only one sample per day was used in the 
analysis, each 3hr. sample also represents one day. The analysis of 
variance of these data is presented in Table 8. In the whole-plot 
analysis the grain-level main effect was highly significant. The other 
main effects and interactions were sufficiently small to mask the sig­
nificant main effect of grain level in the overall effect of treatments 
which was nonsignificant. Samples from animals receiving the low-grain 
diet averaged 1.53 mg. lactic acid/100 ml. rumen fluid while those from 
animals receiving the high-grain diet averaged 0.73 mg./lOO ml. 
The only response of significance in the sub-plot analysis was a 
highly significant difference among days. These differences are plotted 
in Figure 5. 
Results of the antibiotic assays appear in Figure 6 and in Table 9. 
Activity throughout antibiotic feeding was lowest at 0 hr. and highest 
Figure U. Interactions of hours x treatments - Experiment 1 (the letters a, b and c denote the 
second comparison of variables A-sex, B-grain level, C-antibiotic level, respectively. 
The first comparison is signified by the absence of the corresponding letter; (l) 
indicates the first comparison of all variables) 
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Table 8. Analysis of variance of split-plot data - Experiment 1^  
Source of Variation Degrees of Sums of 
freedom squares 
Mean 
square 
F 
Whole-plot analysis 
Replications 1 0.06 0.06 0. 03 
Treatments T h i . 9 5  6.85 3. 61 
A (sex) (1) O . l k  0.l4 0. 07 
B (grain) (1) 35.60 35.60 18. 74** 
C (antibiotic). (1) 1.88 1.88 0. 99 
A X B (1) 0.89 0.89  0. 42 
A X C (1) 3.13 3.13 1. 65 
B X C (1) 1.98 1.98 1. o4 
A X B X C (1) k . 3 3  4.33 2. 28 
Error (a) 7 13.33 1.90 
Total 15 61.34 
Sub-plot analysis 
Days 13 123.43 9.49 6. 68** 
Days X treatments 91 146.82 1.61 1. 13 
Error (b) 104 147.37 1.42 
Total 208 417.62 
Grand total 223 478.96 
I^ncludes all samples taken 3 hr. after feeding. 
**Significant at the 1% level of probability. 
Figure 5. Differences among days for all 3 hr. samples of Experiment 1 
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Figure 6. Ruminai antibiotic activity - Experiment 1 (antibiotic activity was assayed in samples of 
rumen fluid collected 0, 3, and 6 hr. after feeding. No 6 hr. data are available on 
day l4) 
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Table 9* Ruminai antibiotic activity (I. U. /ml.) Experiment 1 
Sampling time Animal number 
High grain Lov grain 
Day Hour 1 3 5 13 l4 8 10 12 15 l6 
0 0  0 ^  0 0 0 0 0 0 0 0 0  
3 0 0.160 0.l40 0.048 0 0.083 0.320 0.057 0 0.093 
6 0.095 0.190 0.110 0.045 0 0.060 0.077 0.067 0 0.079 
1 0 0.085 0.070 0.063 0.050 0 0.061 0.062 0.071 0 0.079 
3 0.074 0.120 0.094 0.054 0.065 0.086 0.067 0.090 0.075 0.063 
6 0.072 0.100 0.083 0.050 0.061 0.082 0.064 0.073 0.065 0.065 
3 0 0.100 0.071 0.069 0.047 0 0.071 0.058 0.061 0 0.061 
3 0.l40 0.160 0.110 0.064 0 0.100 0.081 0.110 0 0.110 
6 0.l40 0.130 0.100 0.082 0 0.097 0.065 0.087 0 0.078 
7 0 0.093 0.088 0.091 0.064 0 0.079 0.064 0.079 0.075 0 
3 0.100 0.190 0.110 0.130 0 0.120 0.120 0.l40 0.l40 0 
6 0.084 0.160 0.096 0.110 0.045 0.110 0.110 0.120 0.120 0 
l4 0 0.076 0.092 0.093 0.066 0 0.088 0.065 0.072 0 0.055 
3, 0.220 0.210 0.160 0.110 0 0.l40 0.I60 0.170 0.100 
6^  
27 0 0.056 0.059 0.064 0.049 0 0.061 0.053 0.056 0.054 0 
3 0.l40 0.110 0.110 0.100 + 0.084 0.084 0.110 0.110 + 
6 0.100 0.130 0.097 0.090 0 0.078 0.079 0.092 0.088 0 
28 0 0.031 0.031 0.035 + 0 0.034 0.033 0.035 0.035 0 
3 + 0.030 0.032 + 0 0.033 0.030 0.032 0.031 0 
60+ 0.031 0 0 0.031 + 0.030 0.030 0 
0^ = less than detectable activity (O.030-0.040 I.U. /ml.) 
W^o 6 hr. data are available on day l4 
= activity barely detectable - at threshold of method 
57 
at 3 hr. after feeding. Slight activity was present in the samples taken 
one day after the last STEP feeding. 
This residual antibiotic activity throughout the trial as well as 
after terminating STEP feeding indicates that the microbial population 
of the rumen did not completely destroy antibiotic activity during the 
28-day feeding period. 
Activity was occasionally detected in samples from animal l4 and I6 
which were not to receive STEP according to the design of the experiment. 
These animals were those housed in box stalls with stall-mates which were 
to receive antibiotics. Each of these animals was tied up so as to have 
access only to its respective portion of grain. Occasionally both animals 
in a stall were found to be untied giving them access to either anti­
biotic-treated or untreated grain. Conseq^ uently, any response (main 
effect or interaction) involving antibiotics is confounded to this extent. 
2. Experiment 2 
The grain consumption data of Experiment 2 appear in Table 10. 
Within three days after the initiation of dietary changes, the animals 
which were changed from a low-grain diet to a high-grain diet were eating 
grain at a level comparable to that being consumed by the animals which 
remained on the high-grain diet throughout the trial. 
The lactic acid data of this experiment are presented in Table 11. 
Again, all values were relatively low, the highest being 7-7 mg./lOO ml. 
These data were separated into two groups similar to those for the lactic 
acid data of Experiment 1. The data from days with 0, 3, and 6 hr. 
samplings were statistically analyzed as a split-split-plot design and 
the 3 hr. data were analyzed as a split-plot design as in the previous 
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Table 10. Daily grain consumption data (lbs.) Experiment 2 
Day 1 
Groupé 
2 3 k  
1 16.2 14.9 2.0 2.0 
2 16.2 15.2 2.0 2.0 
3 15.0 14.7 2.0 2.0 
U 15.5 15.2 2.0 2.0 
5 15.3 15.2 2.0 2.0 
15.9 15.2 2.0 2.0 
T. 16.2 15.2 2.0 2.0 
8^  16.2 2.0 2.0 11.0 
9 15.6 2.0 2.0 14.5 
10 15.2 2.0 2.0 15.5 
11 16.2 2.0 2.0 16.3 
12 16.2 2.0 2.0 17.6 
13 16.5 2.0 2.0 18.0 
i h  16.7 2.0 2.0 14.2 
15 17.0 2.0 2.0 15.1 
l6 17.7 2.0 2.0 16.1 
IT 17.7 2.0 2.0 16.1 
18 16.7 2.0 2.0 16.7 
19 17.7 2.0 2.0 15.2 
20 17.7 2.0 2.0 16.5 
21 17.0 2.0 2.0 16.0 
22 17.0 2.0 2.0 15.0 
T^he group designations are: l) high-grain diet throughout the 
trial, 2) high-grain diet, changed to low-grain diet, 3) low-grain diet 
throughout the trial and, 4) low-grain diet, changed to high-grain diet. 
D^ietary change took place on day 8 and continued throughout the 
trial. 
Table 11. Ruminai lactic acid (mg./lOO ml.) for treatment combinations of Experiment 2^  
Sampling time 
Day Hour (1) cd bd 
Treatment combinations 
be bed a ad ac acd ab abd abc abed 
-1 
0 
2 
3 
k  
5 
6 
T 
I k  
3 
0 
3 
6 
0 
3 
6 
3 
0 
3 
6 
3 
3 
3 
0 
3 
6 
3 
0.2 
O.U 
3.1 0.1 1.0 0.6 0.3 0.1 
0.5 0.2 O.U 0.2 0.7 1.7 
O.U 0.7 2.2 3.0 0.5 0.3 
O.U 0.9 1.6 0.3 0.5 0.3 
0.3 0.1 O.U O.U 0.7 0.3 
0.7 O.U 1.0 0.3 0.5 0.2 
0.6 0.1 0.2 0.2 O.U 0.2 
0.8 0.2 2.3 0.3 O.U 
0.5 0.3 0.3 0.8 0.6 
0.5 0.3 0.5 O.U 0.9 0.3 
1.9 0.2 0.3 0.3 0.6 0.3 
U.9 0.2 0.3 0.2 0.7 2.2 
U.9 0.2 0.3 0.2 1.0 2.0 
0 .6  0 .2  0 .3  0 .2  0 .8  5 .8  
0.3 0.3 0.3 0.2 0.7 0.5 
0.3 0.1 0.2 0.2 0.5 0.5 
0.2 0.1 1.0 0.2 0.9 0.5 
1.7 O.U 1.8 0.7 O.U l.U 
0.9 
O.U 
O.U 
0.5 
0.7 
0.5 
0 . 6  
0.2 
O.U 
0 . 2  
0 . 2  
0.5 
0.5 
O.U 
O.U 
O.U 
0.3 
0.6 
O.U 
O.U 
0.3 
0.5 
0.3 
0.1 
O.U 
0.3 
0.5 
0.3 
0.3 
0.2 
0.5 
0.7 
0.3 
O.U 
0.3 
0.3 
0.7 0.2 
0.2 0.3 
0.5 0.7 
1.8 0.6 
O.U 0.3 
0.7 0.2 
O.U 0.3 
0.5 O.U 
0.3 O.U 
2.2 O.U 
1.2 0.3 
0.2 0.2 
0 . 2  0 . 2  
0.3 0.3 
0.3 0.3 
0.2 0.3 
0.2 0.2 
2.7 O.U 
O.U 
0.3 
7.7 
0.6 
O.U 
0.7 
O.U 
0.3 
0.3 
1.0 
1.6 
0.3 
O.U 
O.U 
O.U 
0.5 
0.5 
0.5 
0.3 
O.U 
O.U 
O.U 
0.3 
O.U 
0.3 
O.U 
0.3 
0.3 
0.3 
0.2 
0 . 2  
0.3 
0.3 
O.U 
0.3 
0.3 
0 . 2  
O.U 
0 . 2  
0.3 
0.6 
0.5 
0.6 
0.3 
O.U 
O.U 
O.U 
0.3 
0 . 2  
O.U 
0.8 
O.U 
2.6 
0.5 
0.3 
0.3 
0.3 
0.5 
0.2 
0.1 
0.0 
0.2 
0.3 
0 . 2  
0.3 
0.3 
O.U 
0.3 
1.1 
0.3 
1.1 
0.6 
0.3 
2.1 
O.U 
0.6 
0.3 
0.6 
0.2 
0.3 
0 . 2  
0.2 
0.3 
0.2 
0.3 
0.1 
0.2 
0.1 
0.2 
O.U 
0.3 
0.5 
0.2 
0.3 
O.U 
0.2 
0.1 
0.2 
O.U 
0.3 
0.2 
O.U 
O.U 
1.0 
0.6 
0.5 
0.6 
0.5 
E^ach treatment combination represents one animal. 
S^ee Table 1 for explanation of sampling times. 
"^ See Table 6 for explanation of notation. In this experiment the variables are : A-sex, 
B-grain, C-antibiotic and D-dietary change. 
6o 
experiment. The analysis of variance of the data in the split-split-plot 
design is shown in Table 12. Since there was only one animal per treat­
ment combination, no replication was possible. This necessitated using the 
higher-order interactions to estimate experimental error. In the whole-
plot analysis, only the main effect of dietary change was of statistical 
significance. The animals whose diets were not changed averaged 0.66 mg. 
lactic acid/100 ml. rumen fluid whereas, those animals whose diets were 
changed averaged 0.39 mg./lOO ml. The grain x dietary-change interaction 
was non-significant indicating that the high-grain animals and the low-grain 
animals did not respond differently to the dietary change. Wo significant 
responses were detected in the sub-plot analysis. The days x treatments 
interactions were further broken down through the three-factor interactions 
using all four- and five-factor interactions as the "error" term. Since 
the resulting mean squares were all quite small, these figures are not 
presented. Similarly, in the sub-sub-plot analysis no significant responses 
were detected. The hours x days x treatments interaction ("error (c)") 
was further broken down into hours x days x treatment main effects (sex, 
grain, antibiotics and dietary change). Again, the mean square values for 
these interactions were quite small and are not presented. 
The analysis of variance of the second group of data (all 3-hr. 
samples) is presented in Table 13. In this analysis the antibiotic factor 
was removed resulting in a three-factor analysis with two replications. 
The only response of statistical significance in this analysis was the 
grain x dietary change interaction which is presented graphically in 
Figure J. Ruminai lactic acid in high-grain animals was lower than that 
in low-grain animals when the diets were not changed. Lactic acid 
6i 
Table 12. Analysis of variance of split-split-plot data of Experiment 2^  
Source of Variation Degrees of Sums of Mean F 
freedom squares square 
Whole-plot analysis 
Treatments (15) 
A (sex) 1 0.18 0.18 0.62 
B(grain) 1 0.78 0.78 2.69 
C (antibiotic) 1 0.07 0.07 0.24 
D (dietary change) 1 3.54 3.54 12.21* 
A X B 1 0.20 0.20 0.69 
A X C 1 o . o h  o.o4 O.lU 
A X D 1 0.60 0.60 2.07 
B X C 1 1.50 1.50 5.17 
B X D 1 0.80 0.80 2.76 
C X D 1 0 . 0 k  0.0k o.iU 
A X B X C 1 0 . 0 0  0.00 0.00 
A X B X D 1 0.37 0.37 1.28 
"Error (a)" 3 0.86 0.29 
Total 15 8.98 
Sub-plot analysis 
Days 
"Error (b)"*^  
Total 
3 
U8 
U.Ul 
32.25 
36.66 
1.4T 
0.71 
2.07 
Sub-sub-plot analysis 
Hours 2 0. 86 0.43 0.54 
Hours X days 6 2. 55 0.43 0.54 
Hours X treatments 30 12. 77 0.43 0.54 
"Error ( c)"3 90 71. 80 0.80 
Total 128 87. 98 
Grand total 191 133. 62 
Includes all lactic acid data obtained on those days on which 0, 3 
and 6 hr. samples were taken. 
"^Error (a)" is a combination of the AxCxD,BxCxD and A x B 
X C X D interactions. 
"^Error (b)" is a combination of the days x treatments interactions. 
"^Error (c)" is a combination of the hours x days x treatments 
interactions. 
S^ignificant at the 5% level of probability. 
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Table 13. Analysis of variance of split-plot data of Experiment 2^  
Source of Variation Degrees of Sums of Mean F 
freedom squares squares 
Whole-plot analysis 
Replications 1 0.78 0.78 0.64 
Treatments 7 21.59 3.08 2.55 
A (sex) (1) 3.48 3.48 2.88 
B (grain) (1) 3.36 3.36 2.78 
C (dietary change) (1) h . 2 9  4.29 3.55 
A X B (1) 0.11 0.11 0.09 
A X C (1) 0.0 0.0 0.0 
B X C (1) 9.71 9.71 8.02* 
A X B X C (1) 0.64 0.64 0.53 
Error (a) 7 8.44 1.21 
Total 15 30.81 
Sub-plot analysis 
Days 9 7.91 0.88 0.95 
Days X treatments 63 53.17 0.84 0.90 
Error (b) 72 67.05 0.93 
Total lUli 128.13 
Grand total 159 158.94 
I^ncludes all 3-hour samples of Experiment 2. 
S^ignificant at the 5% level of probability. 
Figure 7- Interaction of grain X dietary change for 3 hr. data of 
Experiment 2 
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increased in the high-grain animals which were changed to the low-grain 
diet and decreased in the low-grain animals when changed to the high-
grain diet. This is somewhat contrary to results reported "by Ryan (196^ 8.) 
who found transitory increases in ruminai lactic acid when sheep were 
gradually changed from a hay to a hay-plus-grain diet. However, in Ryan's 
work the sheep were not receiving any grain before being changed to the 
hay-plus-grain diet whereas, the animals in this experiment were accustom­
ed to some grain in the diet. Perhaps the microbial population of the 
rumen had already adjusted to the presence of grain in the diet and could 
readily adapt to the abrupt increase in the amount of grain fed. 
3. Experiment 3 
The results of Experiment 3 are presented in Table l4. In contrast 
to the lactic acid data of Experiments 1 and 2, an occasional high value 
appeared. One animal receiving the high level of grain and the first 
comparison of all other variables, exhibited lactic acid values of 223.0 
mg./lOO ml. and 10.k mg./lOO ml. on day 1 at 0 hr. and 3 hr. after feed­
ing, respectively. Another animal, a heifer receiving the high-grain 
diet, gave values of 15.0 mg./lOO ml. on day 3, 6 hr. after feeding and 
12.0 mg./lOO ml. on day 21, 3 hr. after feeding. All other values were 
less than J.O mg./lOO ml. 
These data were separated into two groups as in the two preceding 
experiments. Each group was given separate statistical treatment. The 
l6 treatment combinations again necessitated using the higher-order inter­
actions to estimate experimental error. Since the range in values was 
quite large, the -interaction terms were also large in the split-split-
plot analysis of variance. Therefore, no responses were statistically 
Table l4. Ruminai lactic acid (mg./lOOml.) for treatment combinations of Experiment 3^  
Sampling time ^  Treatment combinations'^  
Day Hour (l) d c cd b bd be bed a ad ac acd ab abd abc abed 
-h 3 1.7 1.8 0.6 0.3 0. 4  0.6 0. 4  0.7 2.7 0.5 1. 4  0.5 0.5 0. 4  0. 4  0.3 
0 0 0.2 0.3 0.6 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.5 0. 4  0.6 0.3 0.1 0.3 
3 3.7 0.3 0.7 0.3 0.5 0.3 2.1 0.2 0.4 0.2 0.5 0.5 0.6 0.5 0.5 0.3 
6 0.5 0.3 0.5 0.2 0.3 0.4 0.5 0.3 0.3 0.2 0.7 0.5 0.5 0.4 0.4 0.3 
1 0 0.3 0.1 0.3 0.3 223.0 0.3 0.3 0.1 0.2 0.1 0,3 0. 4  1.2 0.3 0.2 0.1 
3 0.7 0.2 0.7 0.3 10.4 0.4 0.3 0.I 0.3 0.1 0.6 0.4 0.4 1.0 0.3 0.3 
6 0.3 0.2 0.8 0.6 1.7 0.3 0.4 0.1 0.4 0.2 0.4 0.6 0.6 0.5 0.5 0.4 
2 3 0.4 0.1 0.4 1.0 0.4 1.1 0.3 0.1 0.9 0,2 0.5 0.5 0,3 0,5 3.2 0,3 
3 0 0. 4  0.0 0.3 0.3 0. 4  0. 4  0.2 0.1 0 . 2  0.0 0.3 0.3 0.7 0 . 3  0.2 0.2 
3 0.5 0.2 0.6 0.8 0.6 0.3 0.3 0.2 0.3 0.2 0.3 0.4 0.4 0.8 0,3 0,2 
6 0,3 0,1 0,6 0,5 0,6 0,3 0.2 0.1 0.4 0.1 0.5 0.2 15.0 1,8 0,3 0,2 
4  3 1.1 0.5 0.9 0.7 1.1 0.6 0. 4  0.2 0. 4  0.3 0.5 0.8 0,8 0,7 0. 4  0, 4  
5 3 0.3 0.2 0.5 0.5 0.5 0.8 0,3 0,2 0,5 0,3 0,5 0,5 0,3 0,3 0,4 0,2 
6 3 0.8 0.3 0.7 0.3 0.4 0.6 0.4 0.3 0.3 0.3 0.9 0.5 0,4 0.5 0.4 0.3 
7 0 0.2 0.1 0.4 0.3 0.3 0.4 0.3 0.1 0.2 0.2 0.5 0.3 0,2 0.4 0.2 0.2 
3 1.0 0,3 0.3 0.4 0.2 1.0 0,3 0.2 0.4 1,5 0.8 0,9 0,2 1,1 0,3 0,5 
6 0.3 0.1 0,4 0,4 0.3 1.0 0.3 0.1 0.3 0.3 0.4 0.2 0.1 0.6 0.2 0.2 
l 4  3 0, 4  0.7 0.6 0.9 0. 4  0.7 0. 4  0.5 0.5 0.5 0, 4  o , 4  0,3 0.8 0.5 0 . 4  
21 3 6.9 0.2 0.4 0.9 0.7 0.3 0.4 0.3 O.7 0.3 0.3 0.7 12.0 0.6 0.6 0.2 
E^ach treatment combination represents one animal. 
S^ee Table 1 explanation of sampling times. 
c 
See Table 7  for explanation of notation. In this experiment the variables are: A - sex, 
B - grain, C - dietary change and D - green alfalfa. 
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significant and this analysis is not presented. 
However, the two highest values are not among the 3 hr. data and the 
resulting error terms are not so large in the split-plot analysis appear­
ing in Table 15- Although not significant, the effect of grain level was 
opposite to that observed in the previous two experiments; low-grain 
animals averaged 0.68 mg. lactic acid/100 ml. rumen fluid while high-grain 
animals averaged 0.7^  mg./lOO ml. 
The residual effect of dietary change was significant while the 
effect of green-chopped alfalfa was highly significant. The interaction 
of dietary change x green-chopped alfalfa was also significant. The 
response to dietary change was similar to that in the previous experi­
ment - lactic acid averaged 0.51 mg./lOO ml. in animals whose grain diets 
were changed and 0.91 mg./lOO ml. in those animals whose diets were not 
changed. Feeding green-chopped alfalfa caused ruminai lactic acid to de­
crease from 1.29 mg./lOO ml, to 0.53 mg./lOO ml. in animals whose grain 
diets were not changed and from 0.59 mg./lOO ml. to 0.43 mg./lOO ml. in 
those animals whose diets were changed. This is in agreement with the 
results of Forenbacher and Srebo&an (1963) who found that feeding fresh 
green fodder to cows resulted in lower ruminai lactic acid levels than 
when the green fodder was not included in the diet. 
None of the responses in the sub-plot analysis were significant. 
C. Sample Storage 
The results of the sample storage study and the analysis of variance 
of these data appear in Tables l6 and 17, respectively. The only statis­
tically significant response was the main effect of added lactic acid. 
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Table 15. Analysis of variance of split-plot data Experiment 3^  
Source of Variation Degrees of Sums of Mean F 
freedom squares square 
Whole-plot analysis 
A (sex) 1 0.31 0.31 0.63 
B (grain) 1 0.l6 0.l6 0.33 
C (dietary change) 1 6.92 6.92 14.12* 
D (green alfalfa) 1 9.41 9.41 19.20** 
A X B 1 1.06 1.06 1.98 
A X C 1 0.75 0.75 1.53 
A X D 1 0.33 0.33 0.67 
B X C 1 1.82 1.82 3.71 
B  X D  1 0.38 0.38 0.78 
C X D 1 4.00 4.00 8.16* 
"Error (a)" 5 2.43 0.49 
Total 15 27-57 
Sub-plot analysis 
Days 10 19.51 1.95 0.78 
Days X A 10 9.48 0.95 0.38 
Days X B ' 10 10.19 1.02 0.4l 
Days X C 10 21.82 2.18 0.88 
Days X D 10 23.65 2.37 0.95 
Days X A X B 10 25.21 2.52 1.01 
Days X A X C 10 8.60 0.86 0.35 
Days X A X D 10 • 13.57 1.36 0.55 
Days X B X C 10 12.24 1.22 0.49 
Days X B X D 10 7.65 0.77 0.31 
Days X C X D 10 25.63 2.56 1.03 
"Error (b)"C 50 124.69 2.49 
Total 160 302.24 
Grand total 175 329.81 
I^ncludes all 3 hr. samples of Experiment 3 
"^Error (a)" includes the AxBxC, AxBxD, AxCxD, BxCxD 
and A X B X C X D interactions. 
"^ "Error (b)" includes all four-, and five-factor interactions. 
S^ignificant at the 5% level of probability. 
** Significant at the Vfo level of probability. 
69 
Table l6. Effect of storage on lactate content (mg./lOO ml.) of samples 
Treatment 
Combination®" Days of storage 
0 28 56 8 k  
(1) 0.0 0.0 1.3 1.3 
d 0.0 0.1+ 0.2 0.1 
c 0.0 0.0 0.1 0.2 
cd 0.0 0.1 0.1 0.7 
b 5.1 u.l 4.3 4.2 
bd 5.1 5.0 4.7 4 . 8  
be 5.1 U.8 5.1 5.0 
bed 5.1 5.0 5.1 5.4 
a 0 . 3  0.2 0.2 0.2 
ad 0.3 0.8 0.7 0.8 
ac 0.3 0.3 O . k  0.3 
acd 0.3 0.3 0.3 0.3 
ab 5.3 5 . h  5.3 5.2 
abd 5.3 5.2 5.3 
a b c  5.3 5.3 5.4 5.3 
abed 5.3 5.^  5.2 5.4 
S^ee Table T for explanation of symbols. The variables used in this 
experiment and their respective comparisons are: A - sample medium (water 
vs. rumen fluid), B - added lactate (none vs. lactate standard), C -
sample container (Erlemeyer flask vs. sample bottle), D- storage condi­
tion (refrigerated vs. frozen). 
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Table 17. Analysis of variance of storage data 
Source of Variation Degrees of Sums of Mean 
freedom squares squares F 
Whole-plot analysis 
A (sample medium) 1 1.15 1.15 4.11 
B (added lactate) 1 362.90 362.90 1296.07; 
C (storage container) 1 0.00 0.00 0.00 
D (storage condition) 1 0.12 0.12 0.U3 
A X B 1 0 . k 9  0 . k 9  1.75 
A X C 1 0.07 0.07 0.25 
A X D 1 0.01 0.01 o . o h  
B X C 1 0.68 0.68 2 . k 3  
B X D 1 0.08 0.08 0.29 
C X D 1 0.01 0.01 0.04 
"Error (a)"^  5 l . k l  0.28 
Total 15 366.92 
Sub-plot analysis 
Periods 3 0.15 0.05 0.05 
Periods x A 2 0.23 0.11 0.12 
Periods x B 2 0.53 0.26 0.29 
Periods x C 2 0.03 0.01 0.01 
Periods x D 2 0.31 0.15 0.16 
"Error (b)" 22 20.00 0.91 
Total 33 21.25 
Grand total 48 388.17 
"^Error (a)" includes the AxBxCjAxBxD, AxCxD, BxCxD 
and A X B X C X D interactions. 
"^Error (b)" includes all the three- and four-factor interactions in 
the sub-plot analysis. 
**Significant at the 1% level of probability. 
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V. DISCUSSION 
Previous research at Iowa State University has shown, that adverse 
effects in cattle receiving antibiotic combinations have been observed 
in only a small percentage of animals (Van Horn, I962). Results reported 
herein support this observation. The majority of young calves fed the 
STEP antibiotic combination in milk or in grain or both did not exhibit 
any symptoms of adverse effects. Of those symptoms which were observed, 
the most common was an erratic consumption of grain. This, in most cases, 
was not an obvious depression of appetite but rather, a considerable 
variation, both among and within animals, in the level of grain consumed 
daily. Only occasionally was any diarrhea observed during antibiotic 
feeding. However, all symptoms which were observed did appear in animals 
receiving a high level of grain, which is consistent with previous results. 
Considerable variation in an animal's tendency to react adversely to 
administration of antibiotics is suggested. 
Gradually increasing the level of STEP from an initially low level 
to 250 mg. daily, did not prove to be an effective method of eliminating 
adverse reactions to the initiation of antibiotic feeding. Also, sodium 
bicarbonate administration did not prevent adverse effects. 
The administration of antibiotics had no consistent effect on ruminai 
lactic acid levels. Abrupt changes in lactic acid concentration in the 
rumen were occasionally observed but they were not always associated with 
antibiotic administration. Johns (1958) (a review) and Mangan e^  al. 
(1959) (Possibly the same work) show an increase in ruminai lactic acid 
following treatment with penicillin. Only one animal was fed penicillin 
and, apparently, only one sampling period was used. The results obtained 
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in some of the preliminary studies reported herein were quite similar to 
those mentioned above, but only for the six-hour sampling period one day 
after bolusing. Subsequent samplings revealed quite a different pattern 
(lactate increasing in both treated and control animals or only in con­
trols). Also, very little lactic acid was detected in the rumen fluid of 
either treated or control steers when the STEP mixture was fed in the 
concentrate of a high-grain ration. This suggests that possibly some 
unexplained factor or factors may be responsible for the temporary in­
creases in lactic acid. 
The observation that adverse effects of STEP feeding occurs pre­
dominantly in animals receiving a high proportion of grain in the diet 
is further supported by the results obtained in these studies with yearl­
ing steers and heifers. Slight to moderate appetite depression occurred 
in all four animals receiving STEP with the high-grain diet while, in con­
trast, only one of the four receiving STEP with the low-grain diet ex­
hibited any appetite depression, that being a refusal of a small portion 
of one grain feeding. Also, slight to moderate appetite depression was 
occasionally observed when STEP was not being fed, but only in animals 
receiving the high-grain diet. Thus, fluctuations in grain consumption 
might be expected to occur more frequently during STEP feeding in animals 
fed the higher level of grain. 
In the factorial experiments with yearling animals, no diarrhea or 
other symptoms of adverse effects attributable to antibiotic feeding were 
observed. These observations tend to support the hypothesis proposed by 
Van Horn (1962) and supported by Shellenberger (1964) that since the 
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antibiotics of the STEP mixture are primarily active against Gram posi­
tive organisms, the occurrence of adverse effects may depend on the rela­
tive proportion of Gram positive organisms in the rumen, higher propor­
tions being present in animals fed a high-grain diet than in those fed a 
low-grain diet. Although one animal receiving the low-grain diet did 
refuse some grain, this was not interpreted to be a contradiction of pre­
vious results but a further manifestation of individual animal variation. 
Although there were no severe reactions to antibiotic feeding ob­
served in the present studies, the reactions did not appear to be more 
common in heifers than in steers as suggested by Shellenberger (196U). 
The data presented herein do not support the hypothesis of an asso­
ciation of high ruminai lactic acid with appetite depression and other 
adverse effects of antibiotic feeding, as postulated at the outset of 
this work. Emery ^  ^ (1961) reported that lactic acid depressed appe­
tites of dairy cattle in direct proportion to its concentration when added 
to the ration. Dowden and Jacobson (196O) found lactic acid to have no 
significant effect on appetite when infused intravenously. Possibly, the 
unpalatability of lactic acid was responsible for the appetite depression 
observed by Emery et (1961). It would appear from the results of 
Dowden and Jacobson (i960) and from the results reported herein that 
lactic acid, as a metabolic intermediate, is not an appetite depressant. 
Several workers have reported considerable variability in ruminai 
lactic acid values, both among animals on the same diet and among samples 
from the same animal (Reid e^  ., 1957; Chow and Walker, 196Ua, 196Ub; 
Mumbe e;fc , 1964; Otterby and Rust, I965). These observations are 
-Jk 
supported by the values reported here. 
The work of Ghorban ^  al. (1966) shows that maximum ruminai lactate 
values appear from 30 min. to 50 min. after feeding different concentrate 
diets, and over a period of 3 hr. after feeding an alfalfa hay diet. This 
suggests that possibly samples should have been taken at shorter time in­
tervals. However, this would not explain the appearance of high peak 
values in the pre-feeding samples. 
The present studies (Experiments 1, 2 and .3), which involved 1,072 . 
observations on the concentration of lactic acid in rumen fluid of I6 
animals subjected to a variety of dietary regimes, delineate the levels 
which can be expected under these conditions. Moreover, they demonstrate 
that, in most cases, the diets employed caused no marked changes in lac­
tate values. On the other hand, it is obvious that substantial within 
and among animal variations occur. From the present data the reasons for 
these variations are not apparent. 
Ruminai lactic acid values have been reported to vary from traces, 
less than 1.0 mg./lOO ml., to as high as several hundred mg./lOO ml. Of 
the values obtained in these studies (Experiments 1, 2 and 3), 9^ % were 
less than or equal to 5-0 mg./lOO ml., and 89% of these were less than or 
equal to 1.0 mg./lOO ml. Since the vast majority of values obtained was 
quite low, and since the high values occurred without apparent pattern 
relative to the treatments, there remains some question as to the prac­
tical significance of those responses which were statistically 
significant. 
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VI. SUMMARY 
Certain adverse reactions have been observed in cattle fed an anti­
biotic combination consisting of streptomycin sulfate, tylosin phosphate, 
ilotycin thiocyanate, and procaine penicillin-G. In a series of prelimi­
nary trials, 62 dairy animals (three groups of steers and heifers and 
five groups of steers) were used to inquire into the nature of these re­
actions. Highly variable consumption of grain and occasional diarrhea 
occurred in a small percentage of young calves receiving a high-grain 
diet when antibiotics were fed. In yearling steers and heifers, neither 
administering sodium bicarbonate nor gradually increasing the level of 
antibiotic, from an initially low level up to 250 mg. daily, proved to 
be an effective means of eliminating reactions to the initiation of anti­
biotic feeding. Administration of antibiotics had no consistent effect 
on ruminai lactic acid levels. Abrupt changes in lactic acid concentra­
tions in the rumen were occasionally observed but they were not always 
associated with antibiotic administration. 
In further studies, 16 yearling dairy animals were used in three fac­
torial experiments. The only adverse reaction to antibiotic administra­
tion was slight to moderate appetite depression. This occurred almost 
entirely in animals receiving the high-grain diet. 
The determination of ruminai lactic acid concentration in 1,072 
samples from 16 animals subjected to a variety of dietary regimes provides 
a basis for the delineation of lactate values under the several conditions 
imposed herein. 
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Ruminai lactic acid was quite low in most cases, 98% of all values 
being less than or equal to 5.0 mg./lOO ml. The remaining values ( 2 % )  
occurred without apparent pattern and only one of these was extremely 
high. Consequently, the practical significance of the responses which 
proved to "be statistically significant is questioned. 
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